Silva performed a study in Portugal that presents an urban environmental quality health index based on noise levels and air pollutant concentrations [1] . Dobrot et al. used a novel statistical approach, the I-distance method, to examine air pollution in European Union member countries [4] . The issue was measuring the air pollution of each country in terms of six criteria and ranking them. A study by Sheng and Tang provided a review and analysis of air pollution in China from city to regional scales based on monthly reports. The official air quality rankings of the 74 cities were discussed from the aspects of geographical location, economic development mode, and regional air quality management [5] .
This study develops an integrated point of view of the ranking process by taking all of the pollutants into consideration and combining them in one analysis. It is a novel study when considered from this point of view.
Air Pollutants
Air pollution is one of those kinds of pollution and authorities claim that it causes several health problems -from respiratory and heart problems to cancer. Other effects of air pollution can be counted as global warming, acid rain, depletion of the ozone layer, extinction of wildlife, etc. [2] . The most important causes of air pollution are reported to be fossil fuels, exhaust from factories and industries, mining operations, and some agricultural activities [2] .
Seven main air pollutants have been accepted by all environmental authorities in the world: particulate matter (PM), sulfur dioxide (SO 2 ), nitrogen oxides (NO X , including nitrogen monoxide (NO) and nitrogen dioxide (NO 2 )), carbon monoxide (CO) and ozone (O 3 It can also lead to premature mortality. Ozone is also a greenhouse gas contributing to warming of the atmosphere." The U.S. Environmental Protection Agency (which is a global environmental authority) has accepted these materials as the main air pollutants internationally [7, 8, 9, 10] . Similarly, they can be seen as the main air pollutants within academic studies on air pollution [11] [12] [13] [14] [15] [16] [17] [18] .
Such pollutants are also called "criteria pollutants," which is used internationally to describe air pollutants that have been regulated and are used as indicators of air quality [8] . Just as all over the world, these pollutants are taken into consideration as the major air pollutants by public authorities and the academicians in Turkey in order to prepare environmental reports and take measures against pollution [19] .
Stochastic Multi-Objective Acceptability Analysis 2
Real life multi-criteria decision-making problems are usually based on decision makers' preferences. However, gathering such feedback might be very difficult or impossible in some cases because the decision makers might not be eager to reveal their preferences or the alternatives might have imprecise or uncertain data.
The original stochastic multi-objective acceptability analysis (SMAA) was developed in 1998 [20] . Stochastic multi-objective acceptability analysis is a multiplecriteria decision support technique for multiple decision makers based on exploring the weight space. Imprecise or uncertain input data can be represented as probability distributions. In SMAA, decision makers don't need to express their preferences explicitly or implicitly; instead, the technique analyzes what kind of valuations would make each alternative the preferred one. Imprecise or uncertain criteria values are represented by probability distributions from which the method computes confidence factors describing the reliability of the analysis.
As mentioned before, SMAA is developed for the conditions when the criteria values and/or weights and other parameters are imprecise or uncertain. Such imprecise or uncertain values are represented by stochastic variables, ξ ij , with joint probability distribution and density function, f(ξ), in space X [21, 22] . The lack of knowledge about weights is represented by uniform weight distribution in weight set W [23] .
The main purpose of SMAA is to provide decision support by means of descriptive measurements like multiple integrals. The original SMAA defines three main measurements: rank acceptability index, central weight vector, and confidence factor. The descriptive measurements are calculated using Monte Carlo simulation.
Rank acceptability index (a i ) of an alternative defines the values that make it the most preferred one. Central weight vector (w SMAA-2 is an extended version of the original SMAA method. The original SMAA needs to be extended because the rank acceptability index does not rank the alternatives and instead classifies [23] .
Several studies carried out by SMAA-2 can be seen in the MCDA literature. For example, Hokkanen performed a multi-criteria decision analysis application to be used in a competition to clean polluted soil in Helsinki. Nine firms competed across five criteria. The finalists were chosen by the help of SMAA-2 [24] . Lahdelma and Salminen used the method with the data of a former decision problem of constructing a new cargo harbor in Helsinki, which was solved by utilizing another decision-making method [23] , and Kangas et al. have shown how SMAA-2 works on strategic forest planning [25] .
The method was also employed within a phase of the study of Lahdelma et al. that seeks to develop a new method for handling dependent uncertainties in stochastic multi-criteria group decision-making problems.
The use of the method was demonstrated in the context of a strategic decision support model for an electricity retailer [26] . In a study performed in Morocco, different alternatives were evaluated using SMAA-2 to centralize multimodal cargo at a Moroccan airport hub in which significant uncertainty was present in both the criteria measurements and the preferences [27] . Aertsen et al. compared the performances of five modelling techniques for the prediction of a forest site index in two contrasting ecoregions in Belgium and Turkey [28] . SMAA-2 was found to be a suitable multi-criteria evaluation method to evaluate the performance of the modelling techniques. Tervonen et al. used SMAA-2 in their study for decision making in drug benefit-risk analysis [29] . The data of a former study were used to execute the results with the new method. Two antidepressant drugs and a placebo were used as alternatives in the analysis where efficacy, nausea, insomnia, and anxiety were used as criteria.
Another study was performed by Yang et al. in order to rank the performances of several decision-making units [30] . In the combinatorial study, SMAA-2 was used to rank the performances, which were measured using data envelopment analysis. Rahman et al. evaluated the off-grid technologies for a rural electrification problem by SMAA-2 by aggregating 24 criteria values [31] . Pesola et al. used SMAA-2 to evaluate different implementation possibilities for remote monitoring systems for the municipal buildings of two medium-sized municipalities, Hollola and Nastola in southern Finland [32] , and a solution was suggested after using SMAA-2 to resolve an important congestion and management problem in a government-owned port in Spain [33] .
Material and Methodology
The implementation process consists of two stages. Within the first stage of the study the 81 cities 1 of Turkey are considered as the alternatives to be analyzed according to the aforementioned seven pollutant materials (criteria) for four seasons separately. The pollutant materials are considered the criteria of the study because those materials are widely accepted as the main air pollutants by both the public authorities and academic studies all over the world as mentioned in the second part of this study.
At the second stage, the same data are used with the same process to rank the 7 geographical regions 2 in Turkey in terms of air pollution. We utilized JSMAA 1.03 software developed by Tervonen [34] for the analysis.
All cities are ranked according to air quality, but only the five most-and least-polluted are presented for the first stage in order to prevent information overload. The second stage presents all seven regions within the results.
The data are gathered from the monthly station reports on the Air Quality Monitoring Station website of the Ministry of Environment and Urbanization (113 separate stations for 81 cities) between 1/1/2014-31/12/2014.
Results and Discussion
After the analyses were done for both stages, the rankings of the cities and the regions were compiled into tables. Only the most polluted and the least polluted cities are tabulated along with the three main SMAA-2 measurements of rank acceptability index, central weight vector, and confidence factor (plus related graphical presentations that are shown just for the second stage due to the first stage having too many alternatives to be shown as graphics). Table 1 presents the ranking results of the first stage of the study.
According to Table 1 , some remarkable points can be seen. First of all, several cities are seen on the lists consistently in most seasons. For example, regarding the "Most Polluted" cities list, Bursa appears in three of all four seasons. Similarly, on the "Least Polluted" cities list Adana appears at the top of the three seasons and İzmir can be seen on the same list for all seasons (even though it is not shown, Adana is in sixth place of the "Least Polluted" cities list for summer). All of the consistent cities are shown with superscripts on the table (Bursa: x, Şırnak: y, Düzce: z, Afyon: t; Adana: a, Rize: b, and İzmir: c).
A similar condition to the first stage of the study can be seen for the second stage on Table 2 . The southeastern Anatolia region appears in first place in winter and autumn and in second place in spring and summer, whereas the Mediterranean region is found toward the end of the ranking for all seasons. The rank acceptability indexes, central weight vectors, and confidence factors of the regions for each season are shown in the matrix below. Table 3 gives the rank acceptability indexes, central weight vectors, and confidence factors for each region. The results are presented graphically in Figs 1-4 .
The results of the first stage indicate that some cities can be seen on the lists (both most and least polluted cities consistently as mentioned before). This shows the accuracy of the method and the analysis.
For the second stage, the results are again stable. The southeastern Anatolia and Marmara regions seem to be the most polluted two regions, while the Mediterranean is the least. Another confirmative point of the results is that Adana -the biggest city of the Mediterranean region -is the least-polluted city in the least-polluted region. In a similar manner, Bursa, Sakarya, Şırnak, and Hakkari -which are the most-polluted cities -belong to the most-polluted regions of Marmara and southeastern Anatolia.
A probable reason for the southeastern Anatolia region being the most polluted is the heavy usage of coal due to the lack of a natural gas infrastructure. Likewise, a reason for Marmara being one of the most-polluted regions might be the fact that it includes the largest industrial zones of the country. Being the most-populated region and having the most intense traffic increases the pollution of Marmara [35] (the population density map of Turkey is also presented in Appendices).
The results are highly compatible with the annual reports of the Ministry of Environment and Urbanization [36, 19] . This also shows the accuracy of the analysis. Table 1 . Ranking of the most-and least-polluted five provinces. 
Conclusion
The work presented here is a ranking study of placesincluding cities in the first stage and regions in the second stage -in terms of the air quality that materialized with the quantities of the subject air pollutants in it. Evaluating the subject with an integrative approach makes this study unique despite the fact that the method used has already been utilized in several studies.
The main objective of this study is to show that such a ranking process done continuously by public authorities can be performed using the SMAA-2 method, and the results can be seen in one vector using multiple criteria (instead of one) and needs no decision makers. Further research could be done by conducting different ranking methods on the air-pollution issue. Similarly, other variations of SMAA-2 could be used for ranking, classifying, or choosing problems. Furthermore, hybrid models that are combined with SMAA-2 could attempt to analyze such data. The authors plan to carry out a combined data-mining study.
